tentatively proposed a linkage between protein and carbohydrate in ovomucoid. It was suggested that the reducing groups of sugar residues are in O-glycosidic combination with the hydroxyl groups of serine or threonine residues in the interior of the peptide chains. This was based on the observation that, though ovomucoid has considerable reducing power, little is found in the 'protease fragment' or fragments isolated from a proteolytic digest of ovomucoid and containing most of its carbohydrate. Electronattracting groups in the #-position are known to render O-glycosidic bonds alkali-labile (Ballou, 1954) ; since carboxyl groups would be expected to exert a smaller labilizing effect than the carbonyl groups of peptide bonds, the proposed structure would offer an explanation of a decrease in reactivity towards alkaline copper reagents during proteolysis.
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In the present work measurements were made on the whole proteolytic digest of ovomucoid and not on the carbohydrate-rich fraction isolated from it. It was shown that the reducing power does indeed decrease during proteolysis. Further investigation of this fall, however, suggests that the reducing properties of ovomucoid arise, in large part at least, not from its carbohydrate moiety or moieties, but from groups on the peptide chain, primarily cystine and serine.
METHODS AND MATERIALS Protein sub8trate8. Ovomucoid was prepared by the method of Fredericq & Deutsch (1949) and purified by the batch method of Jevons (1960) .
Bovine chymotrypsinogen, prepared as described by Northrop, Kunitz & Herriott (1948) , was recrystallized five times.
Enzymes. The enzymes used were crystalline commercial preparations of pepsin (Sigma Chemical Co., St Louis, Mo., U.S.A.), trypsin (Sigma) and bacterial proteinase (Novo Industria A/5, Copenhagen, Denmark).
Preparation ofdigests. Stock solutions ofprotein (2-5 mg./ ml.) were prepared at a pH suitable for the particular enzyme being used. A sample (1 ml.) was taken, 1 ml. of enzyme solution (0 05 mg./ml.) was added and the total volume made up to 3 ml. at the same pH. When sugars were added to the digest this last addition was of 1 ml. of N-acetylglucosamine or mannose.
Trypsin was used at pH 8-0, bacterial proteinase at pH 7-0 and pepsin at pH 2-5. The pH was adjusted with dilute HCI or NaHCO3 and incubation was carried out in stoppered tubes under toluene at 37°.
Determination of reducing power. Reducing power was measured by the method of Somogyi (1952) . Somogyi's reagent (3 ml.) was added to each sample (3 ml.) and heated for 10 min. at 1000 in tubes fitted with aluminium caps. Nelson's arsenomolybdate reagent (2 ml.) was added to the cooled solutions and the colour density measured with an EEL portable colorimeter (filter no. OB2) against a reagent blank. Reducing powers are expressed throughout as colorimeter-scale readings.
After treatment of solutions containing ovomucoid or chymotrypsinogen with Somogyi's reagent a grey-green precipitate formed on the addition of Nelson's reagent. This was removed by centrifuging and did not appear to remove a significant amount of coloured material from solution.
The reducing power of duplicates heated in the same batch agreed to within ±0 1 EEL colorimeter-scale unit between scale readings 1 and 7. Small differences in the time for which different batches of samples were heated were a major source of error. To avoid this error in the comparison of the reducing powers of digests, enzyme was added to the protein samples at different times and all digests were heated in the same batch and removed from the hot bath simultaneously.
Controt8. Samples of ovomucoid and chymotrypsinogen with distilled water added in place of enzyme were treated in the same way as the digests. Solutions of mannose and N-acetylglucosamine were incubated with enzyme.
Summation experiments were carried out in which Nacetylglucosamine (0 50,umole) or mannose (0-25,umole) was added to ovomucoid digests and the reducing powers of ovomucoid and of the sugar alone were compared with their combined reducing power. A series of concentrations of mannose, galactose, glucosamine and N-acetylglucosamine were treated with Somogyi's reagent to confirm that the resulting solutions obey Beer's Law.
Performic acid oxidation. Ovomucoid (250 mg.) and chymotrypsinogen (250 mg.) were oxidized with performic acid at 00 for 2-5 hr. by the method of Hirs (1956) . The product was freeze-dried four times from 40 ml. of water, and samples of an aqueous solution were tested for reducing power. As a control ovomucoid was treated with 99% formic acid to which no hydrogen peroxide had been added.
RESULTS
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. When ovomucoid was digested with pepsin or bacterial proteinase the reducing power dropped rapidly during the first 3 hr. and then levelled off or maintained a very gradual decline. In no case did the final reducing power fall below 15 30 % of its initial value, even when larger quantities of enzyme (0 5 mg. added in two portions at 48 hr. intervals) or when a combination of enzymes (bacterial proteinase followed after 48 hr. by trypsin) was used. In control experiments with no enzyme no fall in reducing power occurred.
Summation experiments. Solutions of sugars were added to digests and the total reducing power of each mixture was compared with the sum of the reducing powers of sugar and digest alone. The reducing-power curves obtained from digests of ovomucoid alone and mixed with N-acetylglucosamine are shown in Fig Protein controls. Chymotrypsinogen was used as a control for the contribution of protein in the test. Chymotrypsinogen reduced Somogyi's reagent, and digests of this protein showed a fall in reducing power very similar to ovomucoid digests (Table 1) .
Calibration curves. The graph of colour density against concentration was linear for mannose, galactose, glucosamine and N-acetylglucosamine for 3 ml. samples containing up to 1,mole provided that the colorimeter-scale reading was between 0 5 and 9 0 units. As expected from 8 previous work on slightly different alkaline copper reagents (Lawrence, Heidt, Southman, Benedict & Smith, 1949) , it was found that the colour yield per mole differs widely from one reducing sugar to another. Samples containing 0-5 ptmole showed the following reducing powers: N-acetylglucosamine, 2-5; mannose, 5 0; galactose, 5-3; glucosamine, 7-6. Amino acids. The majority of the amino acids tested reacted with Somogyi's reagent. Of the amino acids contained in ovomucoid (Lewis, Snell, Hirshman & Fraenkel-Conrat, 1950) , cystine, serine and tyrosine showed most reducing power ( Table 2) . Although serine caused reduction of Somogyi's reagent, the other hydroxy amino acid, threonine, was very much less active.
The colour density of solutions of aspartic acid and leucine was consistently below that of the reagent blank, containing water in place of amino acid solution, against which the solutions were read.
Amino acid mixtures (Table 3) . When glycine was added to serine, the reducing power of the mixture was greater than the sum of the individual reducing powers of glycine and serine. The addition of glycine to cystine, on the other hand, brought about a less-than-calculated increase in reducing power. The samples used contained 2,moles of amino acid in 3 ml. of water, except with cystine where 1 ,zmole was dissolved in 3 ml. of 0-01 N-HCI. Experimental details are given in the text. showed little more than 20 % of the re of serine alone. Solutions containir aspartic acid together with cystine dif reducing power from solutions conta alone. Fig. 2 shows the reducing power quantities of glycine, alone and in th 2 /tmoles of serine. The graph for j rises much less steeply than that for The reducing power of the glycine-ser greater than the calculated sum of powers of these amino acids when qu to 32 ,umoles of glycine were used.
Performic acid oxidation. After o0 performic acid the reducing power fell to 60 % of its original value. (Humphrey, 1946) . Whenever, as in the determination of blood sugar, it is possible to didation with separate the reducing substance from contaminDf ovomucoid ating protein, this has been done. With the The reducing determination of blood sugar Holden (1926) showed that amino acids could influence measurements of reducing power. Somogyi's reagent (10 min. at 1000 and pH 9.7).
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Cystine has the greatest reducing power of the 4*8 amino acids present in ovomucoid. Serine also acted as a reducing agent under these conditions 4-6 and was almost 20 times as powerful as the other 2 5 hydroxy amino acid, threonine.
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AAn attempt was made, by performic acid oxidation, to determine how much of the reducing power shown by ovomucoid and chymotrypsinogen was accounted for by the cystine contained in thesê proteins. Performic acid attacks tryptophan and methionine as well as oxidizing cystine to cysteic acid (Hirs, 1956 ). Chymotrypsinogen contains a comparatively high percentage of tryptophan but ovomucoid has little or none (Lewis et al. 1950) . The increase of 20 % in the reducing power of chymotrypsinogen on treatment is probably due to the formation of reducing degradation products of tryptophan. The fact that the reducing power of formation of pyruvate. The fact that threonine shows little reducing power may be due to the electron-releasing methyl group which will hinder the loss of a proton from the ,-carbon atom.
The ,B-elimination mechanism offers an explanation for the fall in reducing power observed during digestion of the proteins studied. When cystine or serine is in amide combination, the presence of the two strongly electron-attracting amide groups would be expected to favour removal of a proton from the ,B-carbon atom. It has been observed that sulphur is more easily released by alkali from proteins than from the free amino acids cystine and cysteine (Bergmann & Stather, 1926) . The liberation of carboxyl groups on proteolysis could decrease the lability towards alkali and therefore the reducing power of cystine and serine in ovomucoid digests.
A number of amino acids that would not be expected to be labile under mildly alkaline conditions differ from the blank in their reducing power ( Table 2 ). The blank in Somogyi's reagent may be due to autoreduction of the tartrate-copper complex or to reduction of this complex by small quantities of impurities in the reagent. That it is ' complexed' copper rather than free Cu2+ ions that undergo reduction is suggested by the observation that, when optically active tartrate is used as the complexing agent, the quantity of copper reduced is dependent on the configuration of the sugar used (Richtmyer & Hudson, 1936) . Amino acids also form chelates with copper (Kober, 1912; Spies & Chambers, 1951) , and it is possible that the reactivity of copper in the amino acid complex towards reducing agents is different from that of the copper-tartrate complex. However, no information is available on the relative stability of the amino acid and tartrate complexes.
When the reducing powers of amino acid mixtures were measured, they were found in some cases to be more and sometimes greatly less than additive. Mixtures of sugars and ovomucoid digests showed reducing powers that were less than additive. As digestion continued the amount of reducing power 'lost' rose to as much as 20 % of the calculated sum of reducing powers. Somogyi's reagent therefore seems unsuitable for the accurate determination of reducing sugars in the presence of protein or amino acids. Hartley & Jevons (1962) compared the reducing power of ovomucoid with that of a carbohydraterich fraction isolated from a proteolytic digest. This fraction, which may be heterogeneous (J. G. Beeley & F. R. Jevons, unpublished work), showed little of the reducing power of the intact mucoprotein. This discrepancy was provisionally interpreted as showing a change in reactivity of the carbohydrate, an interpretation that was apparently confirmed by the fall in reducing power that has now been shown to occur during proteolysis.
However, it now seems that most if not all of the reducing power is due not to the carbohydrate but to groups in the peptide chain. The change in reducing power on proteolysis may nevertheless be due, in part at least, to decreased susceptibility to elimination owing to release of carboxyl groups, the groups eliminated not being carbohydrate, however, as originally suggested.
Though the present work does not rule out the possibility that serine or threonine residues are involved in O-glycosidic bonds with the carbohydrate of ovomucoid, it does remove the main experimental basis for this hypothesis. 2. When reducing sugars were added to digests of ovomucoid, the total reducing power of these mixtures was less than the sum of the individual reducing powers of sugar and digest when measured separately. This discrepancy increased during the course of digestion.
3. Several amino acids, particularly cysteine, cystine, serine and tryptophan, show reducing power towards Somogyi's reagent.
4. Possible mechanisms for the reduction of copper by cysteine, serine and other amino acids, and for the decrease in reducing power on proteolysis, are discussed. 5. The bearing of these results on the suggested O-glycosidic link between carbohydrate and protein in ovomucoid (Hartley & Jevons, 1962) is considered. The main experimental basis for this hypothesis is removed.
